The complete nucleotide sequence of the Staphylococcus epidermidis plasmid pNE131 is presented. The plasmid is 2,355 base pairs long and contains two major open reading frames. A comparison of the pNE13i DNA sequence with the published DNA sequences of five Staphylococcus aureus plasmids revealed strong regional homologies with two of them, pE194 and pSN2. The region of pNE131 containing the reading frame which encodes the constitutive ermM gene is almost identical to the inducible ermC gene region of pE194, except for a 107-base-pair deletion which removes the mRNA leader sequence required for inducible expression. A second region of pNE131 contains an open reading frame with homology to the small cryptic plasmid pSN2 and potentially encodes a 162-amino-acid protein.
The naturally occurring Staphylococcus epidermidis plasmid pNE131 expresses resistance constitutively to macrolide-lincosamide-streptogramin B (MLS) antibiotics (17) . Resistance to MLS antibiotics is due to a modificiation of the common target site on the bacterial ribosome, that is, 23S rRNA (12, 23) . Plasmids which mediate MLS resistance encode a methylase which produces a dimethylation of the adenine residue at position 2058 in 23S rRNA, resulting in reduced affinity between ribosomes and MLS antibiotics (22, 24, 25) .
In Staphylococcus and Bacillus spp., full expression of the MLS phenotype is often induced by a small, subinhibitory concentration of erythromycin. The molecular basis of inducible expression has been extensively studied with the ermC determinant from the Staphylococcus aureus plasmid pE194. Inducible expression of this gene has been shown to occur by a posttranscriptional mechanism (5, 26) similar to transcription attenuation in various amino acid biosynthetic operons.
We have shown that the constitutive MLS resistance gene ermM from pNE131 is almrost identical to the inducible gene ermC, except for a 107-base-pair (bp) deletion in the 5' regulatory region of the gene (13) . This deletion removes various complementary repeat sequences critical for attenuation, resulting in constitutive expression of MLS resistance. In this paper we provide the entire 2,355-nucleotide base sequence of plasmid pNE131.
MATERIALS AND METHODS Bacterium and medium. Plasmid pNE131 was originally isolated from a clinical culture of S. epidermidis (17) . S. epidermidis cultures were grown in yeast extract-Trypticase (BBL Microbiology Systems) soy broth (8) .
Mapping restriction sites. Isolation of plasmid DNA for restriction endonuclease mapping was by a rapid lysis procedure (8) modified to accommodate large volumes. DNA was purified by cesium chloride-ethidium bromide density gradient centrifugation. A map of restriction endonuclease * Corresponding author. sites for pNE131 was constructed by using standard techniques of single and double restriction endonuclease digestions (14) . Restriction enzymes were obtained from Bethesda Research Laboratories, Inc. In addition, AluI and Sau3A restriction sites were determined by using an end label mapping procedure described previously (13) .
DNA sequencing. Restriction fragments were cloned into the M13 filamentous phage vectors mpl8 and mpl9 (15) and sequenced by the dideoxy chain termination method of Sanger (20) Fig. 1A ) deduced from an analysis of the DNA sequence. In addition, the regions of pNE131 which share homologous sequences with pE194 and pSN2 are shown. A linear restriction map of pNE131 along with the sequencing strategy used are shown in Fig. 1B .
Nucleotide sequence of pNE131. The complete nucleotide sequence of pNE131 is presented in Fig. 2 . In close agreement with our previously reported (13) size (based on the sizes of restriction endonuclease fragments), pNE131 is 2,355 bp long. The plasmid appears to have two major ORFs. The larger, ORFA, codes for the 244-amino-acid ermM gene product. The nucleotide sequence of ermM and its 5'-and 3'-flanking regions (bases 696 to 1586 in Fig. 2 ) were reported previously (13) . The smaller, ORFB, along with its probable translation product, is also shown in Fig. 2 ase recognition site or "-35" sequence, the Pribnow box or "-10" sequence, and the Shine-Dalgarno sequence or "ribosome-binding site" are shown for ORFB. These sequences have been assigned based on their conformity to consensus sequences for bacterial promoters (19) and are similar to that for the promoter designated for the homologous ORF on the S. aureus plasmid pSN2 (10) . Other potential ORFs are not shown in Fig. 2 because they are small (less than 70 amino acids), lack an ATG initiation codon, and are not preceded by a recognizable promoter consensus sequence or ribosome-binding site.
Regions of homology. The extent of sequence homologies between the S. aureus plasmids pE194 and pSN2 and the S. epidermidis plasmid pNE131 was analyzed by using a MicroGenie Sequence Analysis Program (Beckman Instruments, Inc.). The high degree of sequence homology between pE194 or pSN2 and pNE131 was evidenced by a long diagonal section of contiguous dots, each dot representing a match of 15 bases at a stringency of 90% between the two sequences (data not shown). The region homologous to pE194 on pNE131 begins some 250 bp 5' to the ermM gene at around base 516 (Fig. 2) and extends to the HhaI site about 75 bp 3' to the stop codon of ermM. No significant homology with sequences 'from pE194 lies beyond this 1,074-bp region around the ermM gene on pNE131. An alignment of the base sequence of the ermM region with the corresponding sequence of pE194, around the ermC gene, has been reported previously (13) .
The DNA of plasmid pNE131 also contains sequences highly homologous to those of another S. aureus plasmid, pSN2 (10) . The region of pNE131 homologous to pSN2 begins at the unique HhaI restriction site at base 1590 and extends about 863 bp to around base 110 (Fig. 2 ). It appears that sequences nearly identical to those of pSN2 begin at the same 'point, the HhaI restriction site of pNE131, at which homology with pE194 ends (Fig. 2, arrows) 11164, p. 118). The nucleotide squence reveals several interesting features about this plasmid. As reported previously (13) , the plasmid contains a constitutive MLS resistance gene, ermM, which is almost identical to the inducible S. aureus gene ermC, except for a deletion which removes sequences involved in inducible expression. The plasmid also appears to contain a second, smaller ORF which starts at base 1959 (Fig. 2) and is preceded by promoter consensus sequences. A comparison of the sequence of pNE131 with the published sequences of five S. aureus plasmids, pE194 (6), pC194 (7), pC221 (2, 18) , pT181 (11) , and pSN2 (10), shows the S. epidermidis plasmid to contain two large sections (Fig. 1) which are homologous only to sequences in pE194 and pSN2. Plasmid pSN2 is a small (1.3 kilobase) cryptic plasmid once thought to encode or possibly influence the expression of enterotoxin B in S. aureus (21) . However, further study of pSN2 did not show any detectable function associated with this plasmid (10 (Fig. 2) homologous to a recombination site found on two S. aureus plasmids, pE194 and pT181. Novick et al. (16) showed that various S. aureus plasmids may contain two different recombination sequences, RS-A and RS-B. These sequences are involved in a reciprocal cross-over event in the formation of a cointegrate structure during recombination between two compatible plasmids. The RS-A sequence present in pNE131 is aligned with the RS-A sequence in pE194 in Fig. 3 and reveals two closely matched sequences. The presence of RS-A in the sequence of pNE131 suggests that perhaps a recombination event involving this site between pE194 and pSN2 in S. aureus was involved in the formation of this S. epidermidis plasmid. However, it should be noted that pSN2 does not contain an RS-A-like sequence but instead contains another unrelated recombination sequence designated RS-B. An RS-B sequence is also found in pE194. However, in both pE194 and pSN2, because of the distal location of RS-B from the regions of homology with pNE131, it appears unlikely that this sequence was involved in the possible union of these two plasmids to form pNE131. In addition, this hypothesis does not explain the origin of the region of pNE131 not 501 , 590 pNE 13 Several investigators have noted the close kinship among antibiotic resistance plasmids in S. epidermidis and S. aureus, based on common restriction fragments and DNA hybridization (3, 4, 9) . Our study extends these observations to the DNA sequence level. The close structural relationship among resistance plasmids and the demonstration of their transfer between these two staphylococcal species has led to the hypothesis that the frequently more-antibiotic-resistant S. epidermidis may serve as a reservoir of resistance plasmids acquirable by S. aureus (1, 3, 9) . Our findings provide additional evidence for the natural exchange of genetic material between staphylococcal species. However, in the case of pNE131, it seems plausible that the S. epidermidis plasmid was derived from the recombination of two S. aureus plasmids, pE194 and pSN2, followed by transfer to the coagulase-negative species.
